The genus Passifl ora L. (Passifl oraceae) comprises approximately 400 species, of which at least 30% are distributed within Brazilian forests ( Cervi et al., 2010 ) . Species such as P. edulis Sims are important because of the economic value of their fruit ( Faleiro et al., 2005 ) . Certain wild species, including P. setacea DC. and P. cincinnata Mast., are of interest because of their potential use in genetic breeding. However, the limited number of molecular genetic diversity studies of this genus ( Faleiro et al., 2005 ; Cerqueira-Silva et al., 2012 ) attests to the need for and relevance of novel molecular tools for studies of its populations and mating system.
Although diversity studies of passion fruit began in the late 1990s, efforts to use microsatellites only began in 2005 Pádua et al., 2005 ) , and studies related to the development of microsatellites have been published for P. cincinnata ( Cerqueira-Silva et al., 2012 ) and P. contracta Vitta ( Cazé et al., 2012 ) only recently. The markers available are still insuffi cient for performing consistent genetic studies of most Passifl ora species because the evaluated populations exhibit low variability and percentages of polymorphic loci (between 0% and 26%) ( Pereira, 2010 ; Ortiz et al., 2012 ; Cerqueira-Silva et al., 2012 ) . Thus, considering the diffi culty in obtaining informative microsatellites for Passifl ora and to enhance the genetic investigation of both wild and commercial populations, we isolated, characterized, and evaluated the cross-amplifi cations of microsatellites for P. edulis , P. setacea , and P. cincinnata .
METHODS AND RESULTS
Two microsatellite-enriched genomic libraries were developed using genotypes from the germplasm collection of P. edulis (Pe-UESB01) and P. setacea (Ps-UESB01) from the Universidade Estadual do Sudoeste da Bahia (UESB; Itapetinga, Bahia, Brazil). Genomic DNA was isolated from fresh leaves using the cetyltrimethylammonium bromide (CTAB) method, and libraries were constructed following Billote et al. (1999) . DNA samples (5 μ g) were digested with Afa I and ligated to the double-stranded adapters 5 ′ -CTCTTGCTTA-CGCGTGGACTA-3 ′ and 5 ′ -TAGTCCACGCGTAAGCAAGAGCACA-3 ′ . Enrichment was performed using a hybridization-based capture with (GT) 8 and (CT) 8 biotin-linked probes and streptavidin-coated magnetic beads (Streptavidin Magnesphere Paramagnetic Particles; Promega Corporation, Madison, Wisconsin, USA). The selected fragments were cloned into a pGEM-T Easy Vector (Promega Corporation) and used to transform Escherichia coli xl1-blue competent • Premise of the study: We developed the fi rst microsatellites for Passifl ora setacea and characterized new sets of markers for P. edulis and P. cincinnata , enabling further genetic diversity studies to support the conservation and breeding of passion fruit species. • Methods and Results: We developed 69 microsatellite markers and, in conjunction with assessments of cross-amplifi cation using primers available from the literature, present 43 new polymorphic microsatellite loci for three species of Passifl ora . The mean number of alleles per locus was 3.1, and the mean values of the expected and observed levels of heterozygosity were 0.406 and 0.322, respectively. • Conclusions: These microsatellite markers will be valuable tools for investigating the genetic diversity and population structure of wild and commercial species of passion fruit ( Passifl ora spp.) and may be useful for developing conservation and improvement strategies by contributing to the understanding of the mating system and hybridization within the genus.
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Cross-amplifi cation
Pe Ps Pc Temnykh et al., 2001 ) . Approximately 85% of the microsatellite motifs observed for both of the species were dinucleotides. We designed a total of 30 ( P. edulis ) and 75 ( P. setacea ) primer pairs using PrimerSelect (DNASTAR) and Primer3Plus ( Untergasser et al., 2007 ) . The 105 primer pairs exhibited the following characteristics: annealing temperatures ranging from 45 ° C to 65 ° C (with a maximum difference of 3 ° C between the forward and reverse primers), CG concentrations ranging from 40% to 70%, and amplifi ed product sizes varying from 100 to 300 bp. We used 16 genotypes of passion fruit (eight for each species) for the amplifi cation tests. PCRs were conducted using a fi nal volume of 15 μ L (containing 15 ng of template DNA) with the reagents and concentrations described by Cerqueira-Silva et al. (2012) . Every marker was evaluated by PCR amplification as follows: 94 ° C for 5 min; 34 cycles of 94 ° C for 1 min, 60 ° C for 1 min, and 72 ° C for 1 min; and a fi nal extension at 72 ° C for 10 min. The loci that showed unsatisfactory amplifi cation with an annealing temperature of 60 ° C were subjected to two different touchdown PCR protocols (TD 65-55 ° C and TD 58-48 ° C) as follows: an initial denaturation (94 ° C for 5 min); 10 cycles of 94 ° C for 1 min and an annealing temperature decreasing by 1 ° C from 65-55 ° C or 58-48 ° C every cycle for 1 min; 14 cycles of 94 ° C for 1 min, 55 ° C or 48 ° C http://www.bioone.org/loi/apps for 1 min, and 72 ° C for 1 min; and a fi nal extension at 72 ° C for 10 min. For markers that showed inconsistent amplifi cation after the touchdown protocols, we tested reactions with an annealing temperature gradient ranging from 65 ° C to 50 ° C. The products were visualized using vertical electrophoresis on 6% denaturing polyacrylamide gels run in 1 × TBE and stained with silver nitrate. The product sizes were determined using a 10-bp DNA ladder (Invitrogen, Carlsbad, California, USA ). In total, 17 and 52 markers generated consistent patterns of amplifi cation that matched the expected sizes based on the sequenced fragments from P. edulis and P. setacea , respectively ( Table 1 ) . Cross-amplification assays were performed according to previously described protocols, with all 69 primer pairs showing a high percentage of amplifi cation (88% [ P. edulis ], 70% [ P. setacea ], and 80% [ P. cincinnata ]) ( Table 1 ) . Cross-amplifi cation assays were also performed with the 25 loci previously characterized for P. cincinnata ( Cerqueira-Silva et al., 2012 ) , presenting a percentage of amplifi cation of 48% in P. edulis and 28% in P. setacea .
To characterize all the loci, we used genotypes from the germplasm collection of the Embrapa Mandioca Fruticultura Center (Empresa Brasileira de Pesquisa Agropecuária [EMBRAPA]), Cruz das Almas, Bahia, Brazil, and of the UESB, Itapetinga, Bahia, totaling 114 genotypes. For each species, 42, 42, and 30 genotypes from P. edulis (all from EMBRAPA), P. setacea (30 from EMBRAPA and 12 from UESB), and P. cincinnata (all from EMBRAPA), respectively, were used (Appendix S1). We performed a descriptive statistical analysis for all the polymorphic loci using GENEPOP software ( Raymond and Rousset, 1995 ;  Table 2 ) . The polymorphism information content was calculated using PIC Calculator software ( Kemp, 2002 ) , and the probability of null alleles was estimated using MICRO-CHECKER software ( van Oosterhout et al., 2004 ) , with signifi cant probabilities between two and six loci observed for the three species evaluated ( Table 2 ) .
The percentage of polymorphic microsatellites observed was 15% in P. edulis , 29% in P. setacea , and 20% in P. cincinnata , totaling 11, 21, and 11 polymorphic loci, respectively ( Table 2 ) . This low number of polymorphic loci was expected because low variability appears to be a characteristic of the genus Passifl ora , as suggested by Cerqueira-Silva et al. (2012) . The number of alleles per locus ranged from two to six, with a mean of 3.1 for the three species evaluated; overall, the observed heterozygosity was lower than expected heterozygosity. Of the 31 polymorphic microsatellites, only one ( P. edulis ), six ( P. setacea ), and two ( P. cincinnata ) showed signifi cant deviation from Hardy-Weinberg equilibrium (HWE) after a Bonferroni correction. Deviations from HWE can be explained by linkage disequilibrium (LD) or the occurrence of null alleles. Among the 320 possible pairs of microsatellites, we observed signifi cant LD for two pairs (in P. edulis ; P < 0.004), 49 pairs (in P. setacea ; P < 0.002), and one pair (in P. cincinnata ; P < 0.004) after a Bonferroni correction. However, with no additional information, LD should not be attributed solely to physical linkages among loci because of the possibility of population processes such as nonrandom mating ( Hedrick, 2005 ) .
CONCLUSIONS
We present the fi rst set of microsatellites developed for P. setacea and characterize new markers for P. edulis and P. cincinnata , thereby increasing the number of available markers for these species. This effort potentiates the use of microsatellites in genetic studies of wild and commercial populations of Passifl ora species, enabling the development of more effi cient conservation and genetic breeding strategies.
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